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Affinity labeling using [mI-Tyr3O]PYY and homobifunctional affinity crosslinking reagents ofthe rabbit Y2 receptor for lmptide YY(PYY) results 
in specifically labeled proteins of both M,=50,000 to60,000 and Mr=96,000 to115,000 [ 1,2]. In this work the glyeoprotein nature of affinity lal~lgd 
Y2 receptor proteins were investigated by enzymatic deglyeosylation using neuraminidase, endoglyeosidas¢ F (endo F), N-glycosidas¢ F (PNGas¢ 
F), and O-glyeanas¢ treatment. Only N.f'~yeosidase F and neuraminidas¢ increased the eleetrophoretie mobility of the radiolabeled tempter bands, 
whereas all other glycosidases did not. PNGase F treatment of both radiolabeled receptor bands d~etr~lutgl from g~l slices r~dugcd the al~parent 
molecular mass of by 16--17 kDa units, that is M,=96,000 to79,000 and M,=60,000 to44,000, indicating removal of N-linked oligosaeelmride chains 
of similar size from both species. Neurarninidase tr atment caused slight increases in the eleetrophoretic mobilities suggesting the presence of
terminal sialic residues. It is concluded that the Y2 bind!.ng proteins are N-linked complex (sialo)glycoprot¢ins with a minimal gore prot¢in siz~ 
of M,=44,000. Furthermore, based on this sensitivity pattern of the ~lycosidases, theAsn-linked carbohydrate may be of the tri- or tetra-antennary 
complex type containing terminal siali¢ acid residues. 
G-Protein coupled receptor; Glyc, osylation; Affinity labelling 
1. INTRODUCTION 
Neuropeptide Y (NPY), peptide YY (PYY), and 
pancreatic polypeptide (PP) are 36-amir, o acids regula- 
tory peptides with a C-terminal tyrosylamide [3]. The 
three peptides constitute a family of regulatory peptides, 
characterized by a common and highly conserved terti- 
ary structure; the PP-fold [4]. NPY is an important and 
widely distributed neuropeptide in central and periph- 
eral nearones, whereas PYY is a gut hormone present 
in endocrine cells in the lower small intestine and colon 
[3,5,6]. Specific receptors for NPY and PYY have been 
characterized in different issues, especially brain, from 
numerous pecies and neuroendocrine c ll lines [5-10]. 
These receptors, which bind NPY and PYY with equal 
high affinity, have been classified into Y 1 and Y2 recep. 
tors [5-11]. While the Y1 receptor has recently been 
cloned from rat hippocampus, and found to be a mem- 
ber of the superfamily of  G-protein coupled receptors 
[12], no such it, formation is available for the Y2 recep- 
tor, The G-protein coupled receptors share several 
structural features including seven transmembrane do- 
mains connected by intra- and extraeellular loops, and 
epitopes for palmityolation and glyeosylo..tion [12]. 
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Studies with adsorption of solubilized erosslinked Y~ 
receptors to various leetin agarose I~ads have indicated, 
that the Y2 receptor is a glyeoprotein [1]. However, 
neither the carbohydrate nor the ¢or¢ protein compo- 
nents of" these receptors have been bioebemically char- 
acterized. Glycosidases have proven useful tools in 
characterization f  the glycoprotein ature of cell sur- 
lace receptors [13- 15]. On the basis of alteration in 
apparent molecular weight after treatment with glyeosi- 
dases we now report that affinity labeled Y~ receptors 
from kidney proxhnal tubules consists of protein cores 
of 44 and 75 kDa, that are both linked through aspara- 
gine-residues to 16--17 kDa carbohydrate components. 
Furthermore, the sensitivity pattern of the receptor for 
the glycosidases provides an approximation of the re- 
ceptor carbohydrate structure. 
2, EXPERIMENTAL 
2.1. Materials 
Neuraminidas¢, endo.~.N.aeetylglueosaminida.~ H (¢ndo Hr, 
¢ndo-fl-N-aeetylglueosaminidas¢ F (¢ndo F), and peptide-N~(N-age- 
tyl-]/-glucosaminyl)asparagine am das¢ (N.glyeosidas¢ F or PNGase 
F) were from Boehringer Mannheim Biochemieals (Martinsread, Ger. 
many). Endo.g-N-agotylgalactoaminidas¢ O (O-glyeanasO were from 
Genzyme Corporation (Boston, MAr. Synthetic PYY and NPY were 
purchased from Peninsula Laboratories (Mersgyside, UK). Ethylene 
glycolbis(mgcinimidyisueeinate) (EGg) and IODO-GEN were from 
Pierce. 
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2,2, Production of f~:'~I.TyrJ°lPYY 
Synthetic PYY was iodinated and isolated as previously described 
in detail [15], Briefly, PYY was iodinated with carrier-fi'ee Na~"~l 
(Amersham) using the oxidative reagent IODO-GEN, and the reac- 
tion products purified by reversed phase HPLC, 
2,3. Preparatiott ofbasohtteral membranes fi'om rabbit proximal tubule 
The kidneys from female New Zealand White rabbits were excised 
and basolateral membranes prepared by differential centrifugation 
and Ca'~*/Mg :+ precipitation as described [16l, The membranes were 
suspended to a final protein concentration f"5 mg/ml in binding 
buffer, consisting ot"25 mM HEPES, pH 7.4, containing inaddition, 
2,5 mM CaCla, 1 mM MgCh, 5 g/liter bovine serum albumin (BSA), 
0,1 g/liter bacitracin, I mM PMSF (phenylmethylsulfonyl fluoride), 
0,5 g/liter leupeptin, 0,7 g/liter pepstatin, and stored at -80°C until 
k l f ie ,  
2.4, Affinity labefittg protocol 
Affinity labeling of PYY binding proteins was performed as previ- 
ously described in detail ll]. Briefly, samples (usually 34-37 ml) of 
membranes (200/2g/ml) were incubated inbinding buffer with 200 pM 
radiolabeled PYY for 60 rain at 24°C. After centrifugation at 50,000 
g for 10 rain at 40C, the membranes were resuspended in 25 mM 
HEPES, 2,5 CaCl,, and 1 mM MGCh., pH 7,4, and incubated with 
EGS at 1:100 dilution (final concentration 0,5raM) for 20 rain at 4 °C, 
The membranes were then pelleted and solubilized in sample buffer 
(62,5 mM Tris-HCl, pH 6.8, containing 4,6% sodium dodesyl sulfate, 
5% glycerol and 0.1% bromophenol b ue with 0,1 M dithiothreitol) 
and subjected to polyacrylamide gel electrophoresh, This was per- 
formed with the bufI~r system of Laemmli [17] using 1.5 mm thick slab 
gels containing 10% acrylamide. Following 3-4 h o1" clectrophoresis 
the gels were cut into 4 mm thick slices, which immediately were 
immersed in electroelution buffer. 
2,5, Deglyeo~),lattan of affinity-labeled proteins 
The optimal incubation conditions and times for the diffet~ent gly- 
cosidases were determined in preliminary experiments, For enzyme 
treatment of individual radiolabeled proteins, these were located by 
counting el slices in a gamma.counter, Each gel slice was then electro- 
eluted for 5-7 h at 10 mA constant current in a model 422 electroeluter 
(Bio.Rad). The electroelution was performed in a buffer containing 
50 mM Tris-HCl. pH 7,4, with 0,i% Triton X-100, The electroeluted 
radiol.abeled proteins were then concentrated in Centricon 30 micro- 
concentrators (Amicon, Danvers, MA), and treated with the different 
glycosidases, Next, the reaction products were separated by SDS- 
polyaerylamide g l electrophoresis u ing 1,0 mm thick mini-slab gels 
containing 10% aerylamide, The gels were fixed in 7% acetic acid and 
protein visualized by silver- or Coomassie blue-staining lbllowed by 
autoradiography. For treatment with neuraminidase, elcetroeluted af- 
finity labeled proteins were incubated in50/el of 50 mM HEI)ES, pH 
5,0. cantaining 0.15 M NaCI and 5 mM MgCh with 5 units of neur- 
aminidase for 5 h at 37°C, For endo H treatment, the radiolabeled 
receptor proteins were incubated in,%01 M sodium acetate bufl'er, pH 
5,0, with 5 units ofenzymc for 12 h at 37°C, For endo Ftreatmenr, the 
electroeluted affinity labeled proteins were incubated in 50 ~1 of 0.1 
sodium phosphate buffer, pH 6.1, containing in addition 50 mM 
EDTA, 1% Nonidet P-40, 0,1% SDS, and 1% 2-mcrcaptocthanol with 
10 units of enzyme for 4--24 h at 3'PC. For N-glycosidase F (PN~ase 
F) treatment we used the same buffer as for endo F with exception of 
the pH, which was changed to 8,0. The radiolabeled receptor proteins 
were incubated with 1 unit of PNGase F for 12-18 h at 37°C. For 
O-glyeanase treatment, electroeluted affinity labeled proteins were first 
de-sialylated with aeuraminidase, The proteins were then concert. 
teated in Centricon 30 units and resuspended in 300/~1 of 0.1 M sodium 
phosphate buffer, pH 6,1, containing 50 mM EDTA, 1% Nonidet 
P-40, 0,1% SDS and 1% 2.mereaptoethanol. Four miliunits of O- 
81ycanasc were added and the mixture was incubated for 12 h at 
37oc. 
2,6, Wheat germ agghttinin ( WGA )-agarose chrotmttography 
The electroeluted affinity labeled proteins and products of PNGase 
F digestion were resuspended in 50 mM ofTris-HCl, pH 7,4, contain- 
ing 1% Zwittcrgent 3-12, and protease inhibitors as described [18], and 
incubated with prewashed WGA agarose beads (500/21) b~ gentle 
agitation for 2 h at 4°C, Next, the incubation mixture was transferred 
to a small column and washed with 40 vol, of 50 mM Tris-HCl, pH 
7,4, containing 0,25% Zwittergent 3-12. The columta was then washed 
with 5 vols, of 0,3 M N-aeetylglucosamide, Fractions of 1 ml were 
collected and counted in a gamma-counter, 
3. RESULTS AND DISCUSSION 
The present study was undertaken to characterize the 
carbohydrate and protein parts of the Y_~ receptor struc- 
ture. Several groups have reported successful affinity 
labeling of receptors for the PP-fold family of peptides 
[1,2,9,19,20]. However, NPY receptor glycosylation 
have been indicated by indirect data only, such as ad- 
sorption of radiolabeled receptor protein to various 
lectins, where it is difficult to tell whether it is the recep- 
tor protein or an associated protein that contains the 
carbohydrate [1]. Furthermore, analysis of' the Y,_ recep- 
tor core proteins might also provide information on 
why two proteins of M,=50,000-60,000 and 
M~=96,000-- 115,000 are specifically labeled in affinity 
cross-linking studies in rabbit kidney tubules [1,2]. To 
our knowledge this is the first direct study of' the glyco- 
sylation pattern of NPY and PYY receptors. 
To determine whether the kidney PYY receptor is a 
gl~eoprotein we tested whether the receptor is sensitive 
to treatment with N-glycosidase F (PNGase F). 
PNGase F hydrolys¢s all common Asn-linked oligosac- 
charides (high mannose, as well as hybrid and complex 
types) from glycoproteins to give free oligosaccharides 
and free protein. The asparagine residue to which car- 
bohydrate was linked is converted to an aspartie acid 
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Fig. 1. Autoradiograph of affinity lab,~l~ and elgctroeluted Y~ recep- 
tors from rabbit kidney tubules treated witi~ PNGase F, Lanes i and 
3 represent the Mr=60,000 and M~=96,000 PYY bindin G protein~. 
Lanes 2 and 4 represent these proteins after PNGase treatment. The 
autoradiograph is representative of 5 experiments, Positlons of marker 
proteins are indicated. 
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Fig. 2, Effect of  neuraminidase treatment of  PYY binding proteins 
fi'om rabbit  kidney. This autoradiograph of  an SDS-polyaerylamide 
gel is representative of 5 experiments, 
[21,22]. As shown in Fig. 1, a similar decrease of ap- 
proximately 16-17 kDa in the apparent molecular 
weights of the radiolabeled bands was observed, when 
affinity labeled and electroeluted protein were treated 
with PNGase F. Thus, the Mr=96,000 radiolabeled 
band shifted to Mr=79,000, and the Mr=60,000 band 
decreased to Mr=44,000. The use of glycosidases on the 
Y: receptor was successful only after partial purification 
by preparative polyacrylamide electrophoresis and elec- 
troelution of the individual radiolabeled protein bands. 
To follow up these data. both the cleaved and original 
radiolabeled bands were subjected to WGA-agarose 
chromatography. The M~=96,000 and Mr=60,000 
bands were adsorbed by the leetin agarose, and could 
be recovered by elution using 0.3 M N-acetylglucosam- 
ine, whereas the cleaved products were repelled by the 
lectin agarose, as the radioactivity from those proteins 
were found in the wash fractions (data not shown). 
Taken together these results suggests, that the 
Mr=79,000 and M~=44,000 proteins represent the N- 
linked carbohydrate-free polypeptide cores of the Y.~ 
receptor. The data does not show, whether the higher 
or the lower of the original affinity labeled bands is the 
best candidate for the true Y2 receptor binding protein. 
However, since the carbohydrate content of both affin- 
ity labeled bands were similar, it could be speculated 
that the higher band may contain the lower band plus 
a distinct additional protein with a molecular weight of 
approximately 35,000. This associated protein could for 
example be a G-protein subunit cross-linked to the Y., 
receptor. In support of this notion, the association be- 
tween the Y: receptor and its G-protein seems to be 
rather tight, since sohbilization of kidney membranes 
~-est~hs in functionally intact Y_, receptor-G-protein 
complexes [2,18]. Alternatively, the lower band may be 
a degradation product of the higher band. We are cur- 
rently persuing these explanations both by limited pro- 
teolysis of the two core proteins and by utilizing mono- 
clonal antibodies to identify G-protein subunits. 
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Fig. 3. Autoradiograph of  endo F treatment of the radiolabeled 
M,=60.000 species. The autoradiograph is representative o f  6 
experiments. 
To investigate whether the complex N-linked carbo- 
hydrate contains terminal sialie acid residues, the Y,. 
binding proteins were treated with neuraminidase. This 
enzyme cleaves ialic acid residues only. Fig. 2 shows 
that neuraminidase treatment increased the electro- 
phoretic migration of both binding proteins. Thus, these 
PYY binding proteins can be classified as sia- 
loglycoproteins. This observation is in line with the ad- 
sorption of the Y: receptor to WGA agarose beads, 
since this leetin binds sialic acid residues. 
The Ya receptor sensitivity to endo F was tested in 
order to determine which type of N-linked oligosac- 
charides the Y~ receptors carries. Endo F is known to 
cleave glycosidic bonds of the chitobiose core structure 
of many high-mannose and biantennary complex Asn- 
lir~ked oligosaccharides. However, when eleetroelated 
radiolabeled proteins were treated with cndo F, no shift 
in the electrophoreti¢ mobility of either the Mr=60°000 
protein (Fig. 3) or the M~=96,000 band (not shown) 
could be observed. The activity ofendo F from different 
commercial sources was tested with ovaibumin as a 
substrat¢. The ovalbumin was treated exactly like the 
radiolabeled receptor proteins with respect o poly- 
acrylamide gel electrophoresis, electroelution a d endo 
F treatment. Endo F efficiently cleaved the ovalbumin 
associated oligosaccharides (data not shown). Thus, al- 
though PNGase F cleaves the carbohydrate of the PYY 
binding proteins, endo F has no effect. The Y~. receptor 
resistance to endo F reduces the possibilities ofcarbohy- 
drate structures to hybrid structures containing bisect- 
ing (peripheral) GlcNAc-linked fl-(l,4) to the mannose 
core, and tri- and tetra-antennary complex chains. In 
addition, we tested endo H, that hydrolyses mannose- 
rich N-linked oligosaccharides exclusively [23]. This gly- 
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DEGLYCOSYLATION OF THE Y2-RECEPTOR BY O-GLYCANASE 
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Fig. 4, Affinity labelexl PYY binding proteins treated with O.glyca- 
na~e. The proteins were desialyatcd aging neuraminidase prior to 
O-glycanase treatment, The atttoradiograph is representative of 5 ex- 
periments, 
cosidase had no effect on the electrophoretic mobilities 
of the radiolabeled proteins, suggesting that all of the 
Asn-linked oligosaccharides identified by PNGase F 
treatment are of the complex type (data not shown). 
Finally, the presence of O-linked carbohydrate struc- 
tures on the Y, receptor proteins was probed by treat- 
ment with O-glycanase. This enzyme hydrolyses Gal- 
fl(1,3)-GalNAc core disaccharides linked to serine or 
threonine residues ofglycoproteins to give free oligosac- 
charides and an unsubstituted serine ot threonine group 
[24]. Th~ radioiabeled Y2 receptors were treated with 
neuraminidase prior to the O-glycanase treatment, since 
substituents, such as sialic acid residues present on ei- 
ther the galactosyl or N-agetylgalactoaminyl residues 
blocks the activity of O-glycanase. O-glycanase treat- 
ment of the de-sialylated PYY binding proteins did not 
further change the electrophoretic migration of the la- 
beled proteins, as shown in Fig. 4. Consequently, no 
serine or threonine linked carbohydrate may be present 
on the receptor protein. 
The results in the present paper identifies the PYY 
binding proteins as N-linked complex (sialo)glyco- 
proteins, and characterizes the structures of the carbo- 
hydrate and protein parts of these receptors. These 
observations hould facilitate further work on the func- 
tional importance of the carbohydrate component of 
the NPY and PYY receptor proteins. 
Acknowledgement#: We thank Dr, Birgit Schjoldagcr for helpful advice 
concerning the use of the glycosidases, and Vibeke Reichhardt for  
excellent technical assistance. The work was supported by grants from 
the Danish Medical Research Council, the NOVO Foundation and 
the Danish Biotechnology Center for Signal Pcptides. 
REFER ENCES 
[1] Sheikh, S.P, and Williams, J,A. (1990) J. Biol. Chem. 265, 8304- 
8310. 
[2] Gimpl, O,, Gerstberger, R,, Mauss, U,, Klotz, K, and Lung, R.E. 
0990) J, Biol, Chem. 265, 18142-18147. 
[3l Tatemoto, K,, Carlquist, M. and Mutt, V, (1982) Natm'¢ 296, 
659-660, 
[4] Glover, I,D., Barlow, DJ., Pitts, J,E,, Wood, S,P., Tickle, l,J,, 
Blundell, T.L,, Tatemoto, K., Kimmel, J.R,, Wollmer, A., S,tass- 
burger, W. and Zhang, Y,S, (1985) Ear, J. Biochem, 142, 379- 
385. 
[5l Sheikh, S.P. (1991) Am. J. Physiol. 261, G701--G715. 
[6] Taylor, I.L. (1989) in: Handbook of Physiology. Tile Gastrointes- 
tinal System. Sect. 6, Vol. II, pp. 475-543, Am. Physiol. Soc. 
Bethesda, MD. 
[7l Unden, A., Tatemoto, K,, Mutt, V, and Bartfai, T. (1984) Eur. 
J. Biochem, 145, 525-530. 
[8] Laburthe, M,, Chenat, B,, Rouyer-Fessard, C., Tatemoto, K., 
Clovineau, A,, Servia, A. and Amiranofl; B, (1986) Endocrinol- 
ogy 118, 1910-1917. 
[9l Inui, A,, Okita, M., lnoue, T., Sakatani, N,, Oya, M,, Morioka, 
H., Shii, K., Yokono, K., Mizuno, N, and Baba, S, (1989) Endo- 
crinology 124, 402-409, 
[10] Sheikh, S,P., H.-'tkanson, R and Schwartz, T.W. (1989) FEBS 
Lett. 245, 209-214. 
[1 I] Wahlestedt, C., Yanaihara, N. and H~kanson, R. (1986) Regal. 
Pept. 13, 307-318. 
[12] Eva, C., Keinllnen, K,, Monyer, H,, Secburg, P. and Sprengel, R, 
0990) FEBS Left. 271, 81-84. 
[13] Rosenzweig, S,A., Madison, L.D. and Jamieson, J.D. (1984) J, 
Cell Biol, 99, ll10--l116. 
[14] Schjoldager, B,, Molero, X. and Miller, L.J. 0990) Regal. Pep. 
tides 28, 265-272, 
[15] Sheikh, S.P., O'Hare, M.M.T., Tortora, O. and Schwartz, T.W. 
0989) J. Biol. Chcm. 264, 6648-6654. 
[16] Sheikh, S.P., Sheikh, M.I. and Schwartz, T.W. 0989) Am. J. 
Physiol. 257, F978-F984. 
[17] Laemmli, U.K. (1970) Nature 227, 680-685. 
[18l Sheikh, S.P., Hansen, A.H. and Williams, J.A. (1991) J. Biol. 
Chem. 23959-23966. 
[19] Mannon, PJ., Taylor, I.L., Kaiser, M. and Nguyen, T. 0989) 
Am. J. Physiol. 256, G637-G643. 
[20] Nguyen, T.D., Heintz, O.O., Kaiser, L.M., Stanley, C.A. and 
Taylor, I.L, (1990) J. Biol. Chem. 26:;, 6416-6422. 
[21] Tarentino, A.L., O0mez, C.M. and Plummer, T.H. 0985) Bio- 
chemistry 24, 4665--4671. 
[22] Elder, J.H. and Alexander, S. 0982) Prec. Natl. Acad. Sci. USA 
79. 4540--4544. 
[23] Trimble, R.B., Tarentino, A.L., Plummer, T.H. and Malez, F. 
(1978) J. Biol. Chem. 253, 4508-4511, 
[24] Takasaki, S. and Kobota, A. (1976) J. Biol. Chem. 251, 3503- 
3509. 
150 
